Three 8-month-old Chinese Holstein heifers weighing 300 ± 22.4 kg were selected for a 3 × 3 Latin square design to study the effects of chopped length of lucerne hay (2, 4 cm, and natural length) on chewing activity and feed utilization effi ciency. Results showed that increasing the chopped length of lucerne hay increased eating bout, time spent for eating hay, concentrate and ration, ruminating and total chewing activity. Digestibility was unaffected by the treatments. Decreasing chopped length of lucerne hay decreased heat production and increased energy retained in body.
INTRODUCTION
Over the past decades, only several studies were related to the effects of particle size of forages on chewing activities, digestibility and energy metabolism of heifers. Jaster and Murphy (1983) fed long, coarsely and fi nely chopped lucerne hay to heifers. As particle size decreased, eating time and ruminating boluses per minute decreased, however ruminating time was unaffected. Belyea et al. (1985) fed long (LLH) and short (SLH) lucerne hay to heifers and found that digestibility of DM, NDF, ADF, cell wall and the ratio DE/GE, ME/GE were higher for LLH than for SLH. Adams et al. (1988) reported that digestibility of DM and NDF of heifer diets was unaffected by chopped length of fescue hay. It is commonly believed that energy utilization effi ciency of diet is affected by animal age, diet ingredient and composition, ratio of concentrate to forage, plane of nutrition, physical form of feed, etc. Particle size of forages affected chewing activities, physical fi lling of reticulorumen, ruminal fermentation and passage rate through the digestive tract. All these are associated with heat increment. However, limited data are available on the effects of chopped length of hay on energy metabolism parameters, such as heat production (HP), methane production and energy retained in body (RE) of heifer. The objective of this study was to investigate the effects of various chopped length of lucerne hay on feed digestibility, chewing activities and energy metabolism of heifers.
MATERIAL AND METHODS
Three 8-month-old Chinese Holstein heifers weighing 300±22.4 kg were assigned randomly to a 3×3 Latin square. During each of the 17 d periods with 14 d for treatment adaptation and 3 d for data collection, animals were offered one of three diets that were chemically similar but varied in lucerne hay particle size which was short (S), medium (M) and long (L) with a theoretical cut length of 2, 4 cm and natural length, respectively. The experimental diets were formulated according to the Chinese Feeding Standard of Dairy Cattle. The ingredients and composition of the diets and particle distributions of lucerne hay were presented in Tables 1 and 2 . The daily diet for each heifer was composed of about 3.6 kg lucerne hay, 0.7 kg Chinese wild rye and 2.3 kg concentrate. The lucerne hay, Chinese wild rye and concentrate were separately fed to the heifer at 07.00 and 18.00 h, respectively. Heifers were housed in a free stall for 11 d and then transferred to the open-circuit respiration chambers for 3 d equipment adaptation prior to the 3 d data collection period.
During the period of data collection, the feeds intake, faeces and urine excretion were measured. The oxygen consumption (O 2 ), carbon dioxide production (CO 2 ) and methane production (CH 4 ) of the animals were determined. Samples of the concentrate, forages, faeces and urine were collected and treated properly for further analysis. Dry matter (DM) and crude protein (CP) contents in samples were determined with the methods of AOAC (1995) . NDF and ADF of the diets and faeces were analysed by the procedure of Goering and Van Soest (1970) . Gross energy (GE) concentration in forages, concentrate, faeces and urine was determined in an adiabatic bomb calorimeter. The particle size of lucerne hay was measured with the Penn State Particle Separator (Mertens, 1997) . Energy in CH 4 (CH 4 E), heat production and energy retained in body were calculated according to the Brouwer (1965) equations:
Eating and ruminating activities were measured in d 16 and d 17 of each period using a video monitoring system. Data were expressed as daily eating time for diet and lucerne hay, ruminating time and total chewing time. Activities per unit of DMI and the hay were calculated. Eating bouts and DMI per bout were also observed. 
RESULTS
The results were presented in Tables 3, 4 and 5. On a DM basis, increasing chopped length of lucerne hay increased the time spent for eating hay and diets, ruminating and chewing. Eating and ruminating contributed 26 and 74% to the increase of chewing activities, respectively. Expressed as min/kg DMI, differences in time spent for eating hay and diets, ruminating and chewing were observed for the diets with different chopped length of the hay. Ruminating activities contributed primarily (71%) to the increment of chewing activities. As chopped length increased from 2 cm to natural length, eating bouts increased from 4 to 8 numbers, while DMI per bout decreased from 1.45 to 0.77 kg. Digestibility of rations was unaffected by chopped length of lucerne hay. Increasing chopped length resulted in an increase of heat production and a reduction of energy retained in body and ratio RE/ME. No differences were observed among other metabolism parameters. However, with increasing length, urinary energy (UE), UE/DE, DE/GE tended to decrease, while methane production, energy in CH 4 and CH 4 E/DE increased, numerically. 
DISCUSSION
The reduction of eating bouts for the diet with short chopped hay indicats that heifer prefer short hay to long one. In addition, DMI per bout is affected by density of diet. Heifers spent more time for chewing long hay before swallowing. Passage rate through the digestive tract for long hay may be lower than that for short hay, which resulted in an increase of ruminating activity.
Confl icting results on effects of chopped length of forage on digestibility of heifers were reported. Jaster and Murphy (1983) reported that feed digestibility decreased as chopped length of lucerne hay increased, while Belyea et al. (1985) found a higher digestibility of DM, NDF, ADF and cell wall for short lucerne hay than for long one, but digestibility of CP and nitrogen balance were unaffected by treatment. The results of our study were in agreement with those of Adams et al. (1988) with heifers on a diet containing fescue hay of different chopped length. The different results between study of Jaster and Murphy (1983) and our study can be partly explained by the different diets and animal age. A more nutritionally balanced and practical diet was offered to heifer in this study than that in the study of Jaster and Murphy (1983) . Category and proportion of rumen microorganisms may be a potential factor affecting feed digestibility.
Heat production is derived from net energy for maintenance and heat increment. The differences of heat production among the treatments primarily came from heat increment in present study because the body weights of heifers were similar. Heat increment is derived from chewing activities, passage progressing through digestive tract, fermentation, absorption and organic metabolism, etc. Much eating and ruminating time for the diet with natural length lucerne hay lead to higher heat increment compared to the diet with chopped hay. In addition, larger volume for the diet with natural length lucerne hay compared to the diet with chopped hay enlarged the digestive tract size and resulted in stronger organic metabolism activities which are associated with heat increment. Energy retained in body (RE/ DE) increased as heat increment reduced.
CONCLUSIONS
Decreasing chopped length of lucerne hay decreased chewing activities, especially chewing time. Utilization effi ciency of normal ingredient was unaffected by chopped length of the hay. With increasing length, digestibility of DM, NDF and ADF tended to decrease numerically. Cutting improved energy effi ciency of the diets. Increasing chopped length of hay increased heat production and reduced energy retained in body. With increasing length, urinary energy, UE/GE, DE/GE of ration tended to decrease, while methane production, energy in CH 4 , CH 4 E/ME increased. Theoretical cut length of 2 cm of lucerne hay was more benefi cial to heifers than that of 4 cm and natural length.
